MIT-Bates. The previous PESP workshop was held in Nagoya, Japan in October 2000. The workshop followed an interdisciplinary approach that included high-energy and low-energy physics, surface and material sciences, and the application of polarized sources in science and industry. In addition, PESP-2002 included contributions on polarized sources for parity-violating experiments that are underway at several medium-and high-energy accelerator centers worldwide. The summary report will include the operational experiences of medium and high-energy labs which are utilizing the latest developments in photocathodes to deliver highly polarized electron beams. Finally, a brief review of polarized sources in non-accelerator applications will be presented.
INTRODUCTION
The PESP2002 workshop was held at the Kings Grant Hotel in Danvers, Massachusetts. The workshop was near the site of the MIT-Bates Accelerator, which has over two decades of experience in producing polarized electron beams for medium-energy nuclear physics experiments. A total of 38 participants from six countries, thirteen universities, and two private U.S. companies attended the workshop. Unfortunately, several absentees from Russia were not granted US visas in time for the workshop. A mixture of high-energy and low-energy applications and physics of Polarized Electron Sources (PES) were discussed in this workshop. An excellent mix of participants from these areas, with (24) participants associated with accelerator centers and (14) from the low-energy and surface physics groups. One of the outcomes of this workshop has been the fruitful exchange between the acceleratorbased groups with well-established high-polarization PES programs and the lowenergy surface physics groups that are increasingly utilizing PES. This was demonstrated by the expressed interest of the surface physics groups in establishing collaborations with the major labs for utilizing high polarization strained photocathodes instead of "low" polarization bulk GaAs that they currently use. A total of 30 oral presentations and 5 poster presentations were divided into 8 sessions. Each speaker will contribute a 5-page manuscript for publication in these proceedings; each poster presentation is allocated a 3 page-manuscript also published in the same proceedings. The topic of each session is listed below: It is not possible to discuss in this paper all topics and issues presented during the workshop. Instead, I will present a brief discussion of selected issues that are of great importance for this field. These issues include the basics of photoemission, surface charge limit effects, PES at accelerator centers, electron polarimetry, new lasers for accelerator based PES, and surface magnetization studies with spin polarized currents.
CURRENT ISSUES IN PES
In this section, I have chosen several topics that are of great importance in the field of polarized electron sources and polarimetry. Each is briefly discussed here.
Basics of photoemission
There are two fundamental principles in basic photoemission from GaAs-based photocathodes: a) the excitation of the electrons in the valence band to the conduction band with circularly polarized photons in III-V materials in the period table, and b) achieving the state of Negative Electron Affinity (NEA) by lowering the work function to increase the probability of the conduction band electrons to escape to vacuum. The photoemission process and the polarization mechanisms are shown schematically in Figure 1 . Photoemission from bulk GaAs yields electron polarizations that are theoretically limited to 50% due to a degeneracy in Ps/2 state in the valence band (heavy hole and light hole). In strained GaAs (GaAsP, InGaAsP) or in InGaAsAlGaAs superlattice, this degeneracy is removed by several tens of meV in the valence band. Individual energy levels are then preferentially pumped with laser radiation of specific wavelength providing electron beam polarizations that theoretically can approach 100%. In practice, high polarizations of 70-85% are now routinely achieved with polarization of 90% as an achievable goal.
Surface charge limit effect and remedies
A NEA prepared surface can suffer from a limitation on the maximum current that can be extracted from a photocathode; this is referred to as surface charge limit (SCL). A fraction of the excited electrons from the leading edge of the bunch are trapped on the surface creating a barrier for the subsequent electrons. In this process, the magnitude
Unstrained GaAs Figure 1 . Polarization mechanism in photoemission process with circularly polarized optical pumping of GaAs based photocathode.
of the band bending (photovoltage effect) is reduced resulting in an increase in the electron affinity. The magnitude of the SCL effect depends strongly on the Quantum Efficiency (QE) and is more pronounced in strained photocathodes that are known to have low QE's. The trapped electrons dissipate eventually by recombining with holes. The SCL causes a reduction in bunch charge when closely spaced bunches (few ns apart) of high bunch charges are produced. It also manifests itself as a reduction in "apparent" QE where peak current or charge per bunch does not increase linearly with laser energy (see Figure 2. ). To reduce the SCL effect one can either increase the recombination rate of trapped electrons with holes in the valence band, or reduce the trapped electrons in the band-bending region. The former is achieved by increasing the p-dopant rate on the surface and the latter is made possible by using the photocathode with a superlattice (SL) structure. The high dopant method has been pursued at SLAC both on unstrained GaAs and strained GaAsP [1] . The latest method is the development and use of samples grown by Bandwidth Semiconductor Inc. (BWSC) [2] with 10-nm thick GaAs final layer with high dopant rate of 5xl0 19 cm" 3 . The use of the superlattice structure for reducing the SCL effect has been pursued by the Nagoya Group [3] . In these structures, the energy levels in the conduction bands are shifted apart causing an increase in the escape probability for the electrons and increase the recombination probability thus reducing the SCL effect.
PES at Accelerator Centers
Presentations by five accelerator centers (Bonn, J-Lab, Mainz, MIT-Bates and SLAC) discussed the status of their PES. All these labs are now routinely delivering polarized beams with polarizations exceeding -75%. The polarized source at SLAC is successfully meeting the stringent requirements of the E158 parity-violating experiment [4] aimed at measuring a physics asymmetry as low as a few parts per billion (ppb). The polarized source at Jefferson Lab has been routinely delivering high polarization beams simultaneously to three experimental halls for the last several years. Recently, the source laser system has been modified to accommodate a new parity-violating experiment (the Go experiment) that has the challenging requirement Plots of charge per bunch vs. laser energy for two photocathodes at SLAG [5] . The lower curve displaying the SCL effect is from a standard strained GaAs with low doping. The upper curve is for a high-gradient-doped strained GaAs [2] that does not show any sign of SCL effect. experiment (the Go experiment) that has the challenging requirement of 40 jiA high polarization (>70%) average current with micro-bunches 30 ns apart required for timeof-flight measurement [6] . At Mainz, the MAMI polarized source routinely delivers beams with polarization exceeding 75% at -25 uA for parity violating and other medium energy nuclear physics experiments. Strained superlattice photocathodes are used in this source. The stable nature of the MAMI microtron accelerator reduced the needs for multiple feedback system often needed for taming helicity correlated effects in parity violating experiments. The polarized source at Bonn, feeding the ELSA pulsed stretcher ring is also routinely delivering high polarization beam using a flash lamp-pumped Ti:Sapphire laser and a superlattice photocathode. At MIT-Bates, the beam delivery to three SAMPLE experiments is now complete. A new high power diode laser system and high-gradient-doped strained GaAsP grown by BWSC [2] are now used for injecting and stacking over 100 mA highly polarized beams into the South Hall Ring for commissioning of the BLAST spectrometer.
Electron Beam Polarimetry
A total of five presentations in electron beam polarimetry included a new novel method of electron polarimetiy using noble gas targets [7] , spin filters as very highperformance spin polarimeters [8] , and a high efficiency electron polarimeter based on exchange scattering from a magnetic target [9] . Data were also presented on the MITBates laser back-scattering Compton polarimeter that pointed to the potential for this polarimeter and the South Hall Ring for studying the spin dynamics in storage rings [10] . Electron beam polarimetiy with systemic errors of 3-5% is now routine at various high-energy laboratories. Work needs to be done to achieve routine electron polarimetry with 1% systematic errors.
Low Energy and Surface Physics
The low energy surface physics groups around the world have been using polarized electron sources for varieties of applications. These applications include manipulation of the surface magnetization by spin currents spin resolved inverse photoemission spectroscopy [11] , and Spin-Polarized Low Energy Electron Microscopy (SPLEEM). These applications are utilized in studying thin magnetic film, non-magnetic films on ferromagnetic substrates, and imaging of magnetic domain structure of thin ferromagnetic film systems during growth. In SPLEEM process, as reported by A Shcmid of LBL [12] , the spin-dependent reflectivity images of magnetic domain structures of thin ferromagnetic films are made by measuring the intensity asymmetry with polarized beams (i u P_i down ) The contrast of magnetic domain provided by polarized beam (SPLEEM) is far greater than the contrast with unpolarized beam (LEEM). A comparison of two images is shown in Figure 3 for a Co/Au (111) film system. Utilizing highly polarized PES from strained photocathodes instead of low polarization beams from bulk GaAs will greatly enhance the contrast and increase the signal to noise ratio in these measurements.
Magnetic
Magnetic Domain Domain Figure 3 . Comparison of images of magnetic domain structure for a thin ferromagnetic Co/Au (111) film obtained by two methods [11] . The left image is obtained by single spin-state beam and the right image is from a difference image using two spin states of the electron beam.
